Elabela is a bioactive peptide and a part of Apelinergic system. Elabela has an important role in the early embryonic stages. Elabela's beneficial effects in cardiovascular system were shown in some animal models or in vitro studies. Lately, some investigational studies in humans are started to be seen in literature. Our aims were to investigate serum Elabela levels in the first day of ST segment elevation myocardial infarction (STEMI), to compare with healthy controls, and to see if there is a correlation between other cardiac biomarkers in humans.
Introduction
There are many bioactive peptides in human cardiovascular system. Some of these peptides have very protective effects; some have opposite kind of effects. Among those, a peptide family named Apelinergic system was found in late 1990s which consisted of 3 parts: Apelin, Elabela, and APJ receptor. Tatemoto et al [1] found the Apelin which is a ligand for APJ receptor in the 1998. It was reported that the Apelin and its receptor had some substantial roles in the modulation of cardiovascular system. [2] According to papers; Apelin and its receptor system have some favorable effects in the atherosclerosis, myocardial infarction (MI), heart failure, and pulmonary artery hypertension. [3] [4] [5] Recently, a new peptide called Elabela/Apela/Toddler was discovered. It has some isoforms called Elabela À32, Elabela Pyr-32, Elabela À21, Elabela À11, and it binds to the APJ receptor. [6, 7] It has some functions similar to Apelin. Both of them play an important role in the early embryonic stages and they promote angiogenesis. The lack of Elabela can lead to cardiac deformations. [8] Elabela augments the myocardial contractility and coronary vasodilatation. These effects are more powerful than Apelin. It was reported that infusion of Elabela could dramatically suppress negative effects of pressure overload. [9] Moreover, Elabela has antagonistic effects over Renin-Angiotensin-Aldosterone system. It can reduce blood pressure. [10] Another beneficial effect of Elabela is that it can decrease cardiac dysfunction in MI and it is upregulated during post MI remodeling phase. [2, 11] There are many research studies about the Apelin's role in human body in the literature. But, nearly all of the above studies regarding Elabela were conducted in animal models or in vitro. Lately, some investigational studies in humans are started to be seen in literature. [12, 13] In a recent report, Li et al [14] have proposed the Elabela as a new possible therapeutic agent for cardiovascular diseases. To the best of our knowledge, there are no studies about the role of Elabela in human cardiovascular diseases and its potential for treatment. Myocardial infarctions are important kinds of the coronary artery disease spectrum.
Our aims were to investigate serum Elabela levels in the first day of ST segment elevation myocardial infarction (STEMI), to compare with healthy controls, and to see if there is a correlation between other cardiac biomarkers in humans.
Methods

Study population
The study was planned as cross sectional. Local Ethics Committee of Çukurova University was approved the study. All subjects signed written informed consents of the study. A total of 124 STEMI patients were included. The patients were grouped as inferior and anterior MI groups and compared with the healthy control population. Control subjects were selected randomly from healthy individuals who admitted to our polyclinic unit. None of the control subjects had any cardiovascular and valvular diseases. Patients with known critical coronary artery disease, chronic total occlusions, moderate-severe valvular disease, chronic liver, and kidney disease (GFR <60 mL/kg/min) were not included in our study. All patients had their first MI and they were admitted within 90 minutes after chest pain. Definition of STEMI was based on the fourth universal definition of MI. [15] Successful primary percutaneous coronary intervention was performed to all enrolled patients. Medical treatments of the patients were applied according to the guidelines. There was no cardiogenic shock patient. All patients and controls were questioned about demographic variables.
Laboratory parameters
Glucose, high-sensitive troponin I, creatinine kinase myocardial band (CK-MB), N terminal pro-brain natriuretic peptide (NT-ProBNP), renal functions, lipid parameters, high-sensitive C reactive protein (Hs-CRP), and complete blood count were analyzed and recorded from routine blood tests.
Serum Elabela levels were determined using commercial kits (Sunred Biological Technology, Shanghai, China). Elabela À32 isoform was measured. The kit used a double-antibody sandwich enzyme-linked immunosorbent assay (ELISA) to assay the level of Elabela in samples. According to the manufacturer; this assay has inter-assay coefficients of variation <12% and intra-assay coefficients of variation of <10%. All of the above tests were performed from blood samples which were taken at the 24th hour of hospital admission.
Echocardiographic evaluation
Doppler and two-dimensional echocardiographic evaluations were performed using an echocardiography device (EPIQ 7; Philips Healthcare, Andover, MA). Left atrial and left ventricular (LV) diameters and LV wall thicknesses were measured at enddiastole. The standards of the American Society of Echocardiography were used for all measurements. [16] Biplane Simpson's method was used for the calculation of LV ejection fraction (LVEF). [17] 
Statistical analysis
The variables were separated as categorical and continuous groups. Categorical variables were shown as numbers and percentages and analyzed using the chi-square test. Continuous variables were demonstrated as mean ± standard deviation and their distributions were analyzed by the Kolmogorov-Smirnov test. Differences in continuous variables were evaluated using one-way analysis of variance (ANOVA) with the appropriate post-hoc test (Tukey or Tamhane). The variables without normal distributions were analyzed by the Mann-Whitney U test. Spearman correlation analyze was performed between cardiac biomarkers and Elabela. SPSS 22.0 (SPSS Inc. Chicago, IL) software was used for the statistical analyses. A P value <.05 was considered as significant.
Results
Our study had 3 groups: 77 healthy subjects (group 1), 59 inferior STEMI (group 2), and 65 anterior STEMI (group 3) patients.
In the demographic comparison, mean age and sex distributions were similar. Frequency of diabetes mellitus, hypertension, smoking, and hyperlipidemia in both STEMI groups were significantly higher than control subjects. Family history of coronary artery disease frequency was similar between 3 groups (Table 1) .
Glucose, HDL cholesterol, triglyceride, Hs-CRP, troponin I, NT-ProBNP, and Elabela levels were significantly higher in both STEMI groups (Fig. 1 ). Other laboratory parameters were similar ( Table 2) . Group 2 and 3 had significantly lower LVEF than group 1. Group 3 had also significantly lower LVEF than group 2. Left ventricular end-systolic and diastolic volumes were significantly increased in group 3 (Table 3) .
There was a positive but moderate correlation between Elabela, troponin I, and NT-ProBNP. Elabela was negatively correlated with LVEF. This correlation was also moderate ( Table 4 ).
Discussion
The main finding of our study was that this was the first investigation which showed increased Elabela levels in STEMI patients. Also, we detected that Elabela levels were higher in anterior STEMI patients, but there was no statistical significance. There was a moderate correlation between Elabela and cardiac biomarkers.
Myocardial infarction is one of the worst clinical scenarios in medicine. It is responsible for a significant portion of the mortality and morbidity in developed countries. Myocardial infarction might be accepted as a key part of the burden of cardiovascular disease. [18] Researchers have been conducting studies regarding etiology, pathophysiology, related risk factors, and treatment options of MI for many years. Bioactive peptides Table 1 Comparison of demographic findings. Dönmez and Acele Medicine (2019) 98:43 Medicine or biomarkers have gained an important place in the development, diagnosis, and follow-up of the atherosclerotic disease spectrum for the last 3 decades. They have been started to be used early diagnosis, risk detection, and monitoring of diseases. [19] Apelin and Elabela are ligands of the APJ receptor. The coupling of this receptor and its ligands play some regulator roles in the cardiovascular system, central nervous system, circulatory system, and many other systems. Apelin is widely distributed in human body. Unlike Apelin, Elabela has a limited distribution. Both of these peptides have different isoforms. The regulatory effects of these isoforms vary in the target system. But, in general, Apelin and Elabela have been known for theirs protective effects over cardiovascular system. [8, 20] Elabela is found in plasma. Its expression is highest in the embryonic heart tissue, and after that declined gradually. Elabela is mainly detected in the fibroblasts and endothelial cells in the heart. It is essential for normal development of the heart tissue. [21] Currently, the information regarding role of Elabela in MI is based on animal models. Perjés et al [2] demonstrated that there Figure 1 . Elabela values of the groups were shown in the box plot graphics. was a substantial increase in Elabela expression (6.6 ± 2.3 fold increase in MI group vs sham, P < .05) and APJ receptor (1.8 ± 0.3 fold increase in MI group vs sham, P < .05) in rat left ventricle samples. They also observed a high correlation between Elabela and APJ receptor expression (R 2 = 0.94; P < .001). Elabela had dose-dependent positive inotropic effects and it was reported as one of the most inotropic agents known to date. Another important finding of the authors was, increased Elabela and APJ receptor expression was related to a better preservation of LV systolic function. They have interpreted their results that Elabela might have a potential beneficial effect in heart failure patients.
Our results showed that Elabela levels were significantly increased in both anterior and inferior STEMI patients. Elabela levels were mildly higher in group 3 than group 2, but there was no statistical significance. This might be explained by the amount of damaged myocardial tissue is relatively higher in the group 3 patients. Left ventricular ejection fraction was significantly lower in group 2 and 3. Group 3 had lowest ejection fraction levels.
Maybe it would not be appropriate to compare directly, but our results seemed compatible with Perjés et al. [2] Both study showed that there was in increase in Elabela levels in infarcted myocardium. We observed a moderate positive correlation between troponin I, NT-ProBNP, and Elabela. Ejection fraction and Elabela were negatively correlated. There was no correlation between Elabela and Hs-CRP.
In another rat study, Rakhshan et al [22] documented that Elabela had cardio protective effects. Myocardial infarction was induced and Elabela was administered intraperitoneally to rats 5 mg/kg for 4 days. They showed that CK-MB, troponin I levels, oxidative stress markers, and infarct size were significantly decreased in the Elabela treatment group. Besides, Elabela treatment significantly inhibited decrease of LVEF, fractional shortening. The authors demonstrated that Elabela might have a potential as a therapeutic agent in the cardiovascular diseases.
The evidences regarding Elabela's cardiovascular protective effects are rare for now. But according to in vitro and animal model studies, Elabela or another synthetic derivative like Elabela might have a therapeutic or biomarker potential. Overall, Elabela's positive effects in heart failure, MI, pulmonary artery hypertension, Renin-Angiotensin-Aldosterone system, and diabetes should be evaluated carefully. [8] Cross-sectional design and subject size are the main limitations of our study. We only measured the Elabela level at the 24th hour of STEMI. Consecutive measurements would be more valuable to determine the course of Elabela in STEMI. Besides, Apelin and APJ measurements would have provide more details regarding Apelinergic system in STEMI patients.
Conclusion
We showed increased Elabela levels in STEMI patients in this study. Also, we observed a moderate positive correlation between troponin I, NT-ProBNP, and Elabela. Larger and more detailed studies are needed to evaluate Elabela's role as a cardiac biomarker or as a therapeutic agent in humans.
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